The standard atomic weights of the elements apply to normal materials.
Introduction
In the last review of the biennial report of the IUPAC Commission on Isotopic Abundances and Atomic Weights ('Commission' hereafter), there were concerns that the definition of "normal material" used for standard atomic weights was confusing. The IUPAC Subcommittee on Natural Assessment of Fundamental Understanding of Isotopes (SNAFUI) met 5-6 December 2016, with one of its major objectives the revision of this definition of normal material [1] .
Normal Material
From its inception in 1919, the International Union of Pure and Applied Chemistry (IUPAC) took over the careful evaluation and dissemination of atomic weights from critically assessed, published information through its Commission on Isotopic Abundances and Atomic Weights. Each standard atomic-weight value reflects the best knowledge of evaluated, published data [2, 3] of normal materials. The implied range of each standard atomic weight is intended to apply to all sources of normal materials of that element. In the Commission's 1969 report [4] , a "normal" material was defined as: ". . . one that contains as a major constituent a specified element with an atomic weight value that does not display a significant difference from the accepted value of that atomic weight because of: (a) its radiogenic source; (b) its extraterrestrial origin; (c) artificial alteration; (d) mutation; or (e) a rare geological occurrence in small quantity."
This definition for normal material in the 1969 Commission report [4] resulted in several decrees: -"In assessing variations in isotopic composition, the Commission will continue to disregard other than 'normal' materials." -"To arrive at the recommended value for an atomic weight, the Commission will use weighting procedures so that the value will be optimized for materials in world science, chemical technology and trade, rather than represent an estimated geochemical average [of the Earth]." -"The Commission must attempt to state the atomic weight values so that they are as precise as possible.
At the same time, they must be sufficiently imprecise so that all normal specimens fall within the implied tolerance range. In other words, large quantities of available materials should not lie outside the tolerance range. The difficult judgment has to be made when only a small fraction of normal material falls outside the tolerance range. The Commission has decided in such cases not to discard useful accuracy applicable to the great majority of practical condition, but to exclude from the definition of 'normal', geological oddities."
This definition was updated in the 1971 Table of Standard Atomic Weights (TSAW) [5] , where "artificial alteration" was updated to "artificial isotopic fractionation" and "mutation" was updated to "artificial nuclear reaction." In 1984, the Commission revised the definition of a normal material to a material from a terrestrial source that satisfies the following criteria [2] :
"The material is a reasonably possible source for this element or its compounds in commerce, for industry or science; the material is not itself studied for some extraordinary anomaly and its isotopic composition has not been modified significantly in a geologically brief period."
Consideration of this definition of normal materials by the Commission has resulted in several changes in standard atomic weights in the last three decades, for example: 1. The uncertainty value of the standard atomic weight of boron was expanded in 1995 (from 10.811(5) to 10.811 (7)) to include boron in sea water because it was decided that boron in sea water was a normal material [6] . 2. In 1995, the Commission decided it could reduce the uncertainty value of the standard atomic-weight of carbon from 12.011(1) to 12.0107(8) , noting that specimens outside these limits could be covered by footnote "g" for rare geological occurrences in small quantities [6] .
This revised definition of normal material no longer includes the exclusion that "its isotopic composition has not been modified significantly in a geologically brief period." This modification recognizes the fact that much of the atomic-weight variation of some elements is caused by isotopic fractionation processes that operate on many different time scales. This revised definition re-introduces the exclusion of extraterrestrial materials from the determination of standard atomic weights, consistent with the 1969 definition of normal material [4] and with recent Commission practice. In contrast with the 1969 definition and recent practice, this revised definition anticipates that materials with radiogenic or nucleogenic isotopic variability may no longer be excluded in the definition of a normal material, except in very exceptional situations, such as anomalous occurrences of 87 Sr in rubidium ores having a 87 Sr amount fraction of 1 [9] , giving rise to the assignment of footnote "g" to strontium. This observation [9] in 1937 predates by 35 years the discovery of natural nuclear chain reactor products, discovered in 1972 at the Oklo quarry in Gabon, Africa, and first discussed by the Commission in its 1973 report [8, 10] . For example, with this revised definition of normal materials, based on the recent evaluation of argon (Fig. 1) by Böhlke [11] , the standard atomic weight of argon could be changed from the current value of 39.948 ± 0.001 [12] to [39.792, 39.963] , when expressed as an interval, to include naturally occurring sources having nucleogenic and radiogenic isotopic variation. Fig. 1 : Argon atomic weights in normal terrestrial materials compared with the current standard atomic weight [12] (modified from [11] ). "F" indicates variation primarily related to isotopic fractionation. "N" indicates variation primarily related to nucleogenic 38 Ar and (or) 36 Ar production. "R" indicates variation primarily related to radiogenic 40 Ar production.
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